All available publications providing descriptions of ectomycorrhizas (ECM) were reviewed in order to build a database containing details on fungus forming the ECM, host tree, country where the material for description was collected, and habitat of the ECM. Other secondary data were also recorded. In all 1244 descriptions of ECM published since 1961 in 479 papers were reviewed. The number of different ECM morphotypes described was 814. Most ECM described were collected in Europe and North America. Gymnosperms were the most common tree associates, and boreal and temperate forests the most studied ecosystems. Fungal symbionts were mostly Basidiomycota, epigeous, and with mushroom-like morphology. The paper also addresses the gaps in ECM knowledge that mycorrhizologists should address in future studies.
INTRODUCTION
Research on ectomycorrhizas (ECM) has evolved greatly over the last 40 years. From the first morphological analyses to the latest ecological, physiological and genetic studies, the range of information now available is outstanding. Despite all the scientific advances, the identification of the fungi involved remains one of the first steps to be followed when studying ECM communities. Molecular techniques are efficient tools to achieve this aim, but the morphological and anatomical features of the ECM are still an invaluable source of information for the better understanding of the fungal component.
Many ECM morphotypes have been more or less accurately described since the beginning of ectomycorrhizal symbiosis research in the late 19th century. A few authors have tried to establish classification systems in order to develop identification keys paralleling those available for plants and animals, but this is a difficult task. Dominik (1969) made a first attempt. A few years later Zak (1973) stated that a detailed description of each ECM was essential for its identification, and that this description should be based on several collections in order to note possible variations in the ECM over different developmental stages.
In spite of these general ideas, the methodology used by each author when describing an ECM varied greatly in descriptions published before 1986, when Agerer (1986a Agerer ( -2002 Agerer ( , 1994a Agerer ( , 1999a began to publish guidelines for the systematic of description and identification of ECM widely used nowadays. In addition, Agerer created a binomial nomenclature system for those ECM described but not yet identified, edited a Colour Atlas of Ectomycorrhizas (Agerer -2002 with photographs of the ECM described to facilitate identification by comparison, and developed computer software to characterize and determine ECM (Agerer & Rambold 1998) .
Other approaches for the description and identification of ECM also exist. Ingleby et al. (1990) developed a system to name the features of ECM, and published 24 brief descriptions of ECM including photographs and drawings.
Another widely used methodology is the so-called Concise Descriptions of North American Ectomycorrhizas, developed by Goodman et al. (1996 Goodman et al. ( -2000 . The descriptions published according to this system are more detailed than those in Ingleby et al. (1990) , but they lack the level of detail of the system proposed by Agerer (1986a Agerer ( -2002 Agerer ( , 1994a Agerer ( , 1999a , and are confined to the North American geographical region. doi:10.1017/S0953756205003564 Printed in the United Kingdom. Table 1 . Compilation of the 1244 ECM descriptions reviewed. ECM descriptions are ordered alphabetically by name of ECM and then by reference, with details of the host tree, the country where the material was collected, and the habitat where the ECM was found (1, field; 2, synthesized in vitro; 3, nursery; 4, truffle ground stand; 5, various). Harniman & Durall (1996a) P. engelmannii Canada 1 Arcangeliella asterosperma Luppi & Gautero (1967) et al. (1990) Betula pendula UK 1 Ingleby et al. (1990) Picea sitchensis UK 1 Kernaghan (2001) Dryas octopetala Canada 1 Kernaghan (2001) Salix barrattiana Canada 1 Astraeus hygrometricus Danielson (1984b) Pinus banksiana Canada 2 Giraud (1988) Not specified France 4 Schramm (1966) Pinus virginiana USA 1 Austropaxillus boletinoides Palfner (2001) Nothofagus betuloides Chile 1 Palfner (2001) N. pumilio Chile 1 Palfner (2002a) N. pumilio Chile 1 Balsamia alba Palfner & Agerer (1998a) Pinus jeffreyi USA 1 Palfner (1998a) P. jeffreyi USA 1 Bankera fuligineo-alba Agerer & Otto (1997) P. sylvestris Germany 1 Agerer & Otto (1998) P. sylvestris Germany 1 Danielson (1984b) P. banksiana Canada 2 Basidiomycota Jones et al. (1997) Betula papyrifera, Pseudotsuga menziesii Canada Massicotte et al. (1999b) Abies grandis, P. menziesii USA 3 Massicotte et al. (1999b) Arbutus menziesii, P. menziesii USA 3 Massicotte et al. (1999b) Pinus ponderosa USA 3 Betulaerhiza hystrix Mu¨ller & Agerer (1990) Schramm (1966) Pinus virginiana USA 1 B. aereus Ceruti et al. (1985) Castanea sativa Italy 2 Agerer & Gronbach (1990a) Picea abies Germany 1 Ceruti et al. (1987) P. excelsa Italy 2 Ceruti et al. (1987) Pinus sylvestris Italy 2 Gronbach (1988) Picea abies Germany 1 Luppi & Gautero (1967) Quercus robur Italy 1 Meotto & Pellegrino (1989) Castanea crenata, C. sativa, Quercus cerris, Quercus rubra Countess & Goodman (2000) Tsuga heterophylla Canada 1 Castanopsirhiza glabra Haug et al. (1994) Castanopsis borneensis Taiwan 1 Cenococcum geophilum Abourouh & Najim (1995) Cedrus atlantica Morocco 1 Picea abies Germany 1 Á gueda et al. (2001) Quercus ilex Spain 4 Al Sayegh & Kraigher (1999) Picea abies Slovenia 1 Quercus suber Portugal 1 Baxter et al. (1999) Quercus USA 1 Bradbury (1998) Pinus contorta Canada 1 Bradbury, Danielson & Visser (1998) P. contorta Canada 1 Bue´e et al. (2004) Fagus sylvatica France 1 Danielson & Pruden (1989) Picea pungens Canada 1 De Roma´n & De Miguel (2005) Quercus ilex Spain 1 Di Battista et al. (2002) Pseudotsuga menziesii USA 3 Di Massimo et al. (1996) Pinus nigra Spain 3 Dickie et al. (2004) Helianthemum bicknellii USA 1 Corylus avellana, Quercus pubescens Italy 4 Fontana & Centrella (1967) Quercus petraea Italy 1 Giraud (1988) Not specified France 4 Godbout & Fortin (1983) Alnus crispa, A. rugosa Canada 2 Godbout & Fortin (1985) Populus tremuloides Canada 3 Gronbach (1988) et al. (1992) Corylus avellana, Quercus pubescens Italy 4 Bencivenga et al. (1992) C. avellana, Q. pubescens Italy 4 Bencivenga et al. (1992) C. avellana, Q. pubescens Italy 4 Bencivenga et al. (1995) Not specified Italy 3 Bencivenga et al. (1995) Not specified Italy 3 Bue´e et al. (2004) Fagus sylvatica France 1 Bue´e et al. (2004) F. sylvatica France 1 Bue´e et al. (2004) F. sylvatica France 1 Corylus avellana Italy 4 C. avellana Italy 4 C. avellana Italy 4 C. avellana Italy 4 C. avellana Italy 4 C. avellana, Ostrya carpinifolia, Populus alba, Salix caprea Numerous descriptions of ECM have also been published in different journals following any of the systems mentioned above, but the information on the topic is typically difficult to approach due to the varied nature of the sources. Therefore, we considered it necessary to gather and review these published sources in order to build a database of the descriptions of ECM published so far useful to all mycorrhizologists. We have focused exclusively on morphological descriptions of ECM. It is outside the scope of this work to refer to other types of mycorrhizas (e.g. ectendomycorrhizas, ericoid, or arbutoid mycorrhizas) or to ECM morphotypes cited in papers dealing with molecular techniques which do not provide a morphological description. Although this revision is very extensive, some sources could not be accessed, and there may be other descriptions hidden as grey literature or in journals with little circulation. Contributions by other authors are thus expected and welcome in order to enrich the database.
A. byssoides-like

MATERIALS AND METHODS
Each published source containing a description of an ECM, no matter how brief the description, was reviewed to record the following details : (1) fungus forming the ECM ; (2) host tree ; (3) country where the material for description was collected ; and (4) habitat of the ECM, i.e. whether the ECM was collected from the field, a nursery, a truffle growing stand, or if it was synthesized in vitro. Only published sources were reviewed, i.e. ECM descriptions contained in theses, reports, or other kinds of unpublished material were not considered. ECM from nurseries included artificially inoculated or naturally occurring in the nursery. When an ECM morphotype was collected in more than one habitat, the term ' various ' was applied. For simplicity, subspecies and varieties of fungi and host trees were not considered. In some cases, several host tree species were reported to be associated with the same ECM morphotype in the same description, but no morphological or anatomical distinction was made between ECM tips from the different tree species. In these cases, all host tree species were cited in Table 1 within the same entry. The term 'not specified ' was used when several host tree species were mentioned in a paper, but there was no specific information about the tree species actually associated with each ECM described.
Other secondary data were also recorded: the division, order, sporocarp morphology and sporocarp development (epigeous or hypogeous) of the fungus forming the ECM ; whether the description was detailed (Agerer 1986a (Agerer -2002 (Agerer , 1994a (Agerer , 1999a ; and whether drawings and photos were also available together with the description. The categories used for fruit body morphology were : gasteroid, mushroom (both agaricoid and boletoid), truffle (any hypogeous fungus, including Ascomycota and Basidiomycota), and other morphology (apothecial, perithecial, clavarioid, ramarioid or resupinate). Although some comments are made in this review regarding these secondary data, the data are not included in full due to space constraints, but the corresponding author will provide them if contacted.
RESULTS AND DISCUSSION
In all 1244 descriptions of ECM published in 479 papers were reviewed ( Table 1 ). The number of different ECM morphotypes described was 814, with each ECM not identified to species level considered a different ECM. 345 ECM morphotypes were identified to species, 132 to genus, 21 to family, five to order, and 20 to division ; four had another level of identification (cortinarioid, pezizalean, sebacinoid, and tomentelloid, respectively), 99 were unidentified ECM morphotypes published under a binomial name (Agerer 1986a (Agerer -2002 (Agerer , 1994a (Agerer , 1999a or other name widely used in the literature (morphotypes AD and SB ; Giraud 1988), and 188 were unidentified ECM morphotypes lacking a name. Only 330 of the 1244 descriptions reviewed were detailed (Agerer 1986a (Agerer -2002 (Agerer , 1994a (Agerer , 1999a ; 379 descriptions included drawings and 771 provided photographs.
The descriptions reviewed date back to 1961, and include all papers published until May 2005, when the revision of this article was submitted. Fig. 1 shows the accumulated number of ECM descriptions published over the years, and it is important to note the sharp increase in publications from 1985 onwards, when Agerer (1986a) started to develop the more defined system. Most of the ECM described were collected in Europe, with 862 descriptions recorded as follows : Austria, 2 ; Belgium, 1; Estonia, 3 ; France, 83; Germany, 331 ; Hungary, 46 ; Italy, 177; Poland, 28; Portugal, 14; Slovenia, 15 ; Spain, 93; Sweden, 2 ; Switzerland, 14; UK, 53 . A significant number, 271 ECM, were collected in North America (Canada, 175 ; USA, 96) . All other continents remain poorly represented : 37 ECM were collected in South America (Argentina, 3; Chile, 28 ; Ecuador, 6) , 21 in Africa (Cameroon, 7 ; Morocco, 14) , 37 in Asia (India, 2 ; Indonesia, 1 ; Japan, 14; Malaysia, 10 ; Taiwan, 10) and 16 in Oceania (Australia, 2 ; New Zealand, 14) . It is interesting to note that most descriptions came from Germany, Italy, and Canada. The material collected in Germany was usually described in detail following the system developed by Agerer (1986a Agerer ( -2002 Agerer ( , 1994a Agerer ( , 1999a , and is the most extensive source of information on morphology and anatomy of ECM. In contrast, the ECM described in Canada were usually collected in ecological studies of ectomycorrhizal communities, and the descriptions provided were typically short, with the exception of those published by Goodman et al. (1996 Goodman et al. ( -2000 . In Italy, research on ECM is often linked to the interest in cultivating truffles, and most ECM described were either Tuber species of commercial interest or competitive fungi that threaten truffle production. Gymnosperms were the most common tree associates, recorded in 510 descriptions (Abies, 15; Cedrus, 14 ; Gnetum, 1; Larix, 20; Picea, 162 ; Pinus, 226; Pseudotsuga, 59; Tsuga, 13). Genera in the Fagaceae were also well represented, with 339 descriptions (Castanea, 3; Castanopsis, 1; Cyclobalanopsis, 1; Fagus, 116 ; Nothofagus, 29; Pasania, 1; Quercus, 188).
Other families recorded as hosts were: Betulaceae, 131 (Alnus, 50; Betula, 48; Carpinus, 4; Corylus, 26; Ostrya, 3) ; Salicaceae, 94 (Populus, 87; Salix, 7); Cistaceae, 18 (Cistus, 3; Fumana, 4; Helianthemum, 11) ; Myrtaceae, 7 (Eucalyptus, 5; Kunzea, 1; Leptospermum, 1); Leguminosae, 7 (Acacia, 1; Tetraberlinia, 6); Nyctaginaceae, 6 (Guapira, 1; Neea, 5); Dipterocarpaceae, 11 (Shorea); Rosaceae, 1 (Dryas); Tiliaceae, 6 (Tilia). The remaining 113 ECM were associated with either ' not specified ' host trees (35), or with more than one host tree species, within the same description (78). If the ECM description applied to more than one host tree species, the records were not considered individually for the count to avoid an artificial increase in the total number of descriptions. A careful analysis of the host species involved in the ECM described revealed that boreal and temperate forests are the best-known ecosystems so far, whereas there is little information on ECM communities of tropical and Mediterranean ecosystems.
Most ECM were collected from the field (899), 159 in a nursery, 81 in a truffle growing stand. Sixty five descriptions were based in ECM material synthesized in vitro, and in 40 descriptions, the material was collected in more than one habitat (indicated by the term 'various '). Many ECM morphotypes collected from the field could not be identified, whereas the aim of inoculating ECM fungi in nurseries or synthesizing them in vitro was precisely to know the identity of the fungal symbiont beforehand. Fungi recorded in truffle growing stands were typically truffle species or their competitors.
The associated fungi recorded in the 1244 ECM descriptions reviewed were mostly Basidiomycota (707), 200 were Ascomycota, and in 337 descriptions the fungal division could not be ascertained. As most Ascomycota ECM were Tuber species, it is clear that there is a lack of knowledge on the ECM of this fungal division. Fungal orders were represented in ECM descriptions as follows : Agaricales, 220; Boletales, 166; Cantharellales, 13; Elaphomycetales, 5; Hymenochaetales, 1; Pezizales, 150 ; Phallales, 18; Polyporales, 41 ; Russulales, 148; Thelephorales, 77; Tremellales, 5; unidentified order, 400.
The majority of fungal species cited were epigeous (638), with only 198 descriptions belonging to hypogeous fungi. The type of fruit body development of the fungal symbiont was unknown in the remaining 408 descriptions. These data show that, with the exception of Tuber species again, the ECM of hypogeous fungi are poorly known. The fact that fruit bodies of hypogeous fungi are typically difficult to find is definitely related to the scarce interest researchers have hitherto shown for ECM formed by these species.
The fruit body morphology of the associated fungus was mushroom-like in 460 ECM descriptions, gasteroid in 35, truffle-like in 198, had other morphologies in 142, and could not be assigned to any morphology in 409 descriptions. These data indicated that fungi which lack the usual 'mushroom ' morphology or which have inconspicuous fruit bodies have been traditionally overlooked in ECM community studies (Gardes & Bruns 1996 , Dahlberg, Jonsson & Nylund 1997 , Stendell, Horton & Bruns 1999 , Taylor & Bruns 1999 .
The amount of research carried out so far on description and identification of fungi involved in ECM communities is outstanding. Nevertheless, this review reveals that many gaps in knowledge remain to be filled, and mycorrhizologists should focus on littleknown geographic areas, ecosystems, host trees and fungal groups in future studies in order to face the challenges the ECM community poses.
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